combination with the SAFT-VR Mie EOS. It is shown that using such an approach, which is easier to handle than the MX1b one, yields slightly improved results compared to the MX1b ones.
Introduction
The choice of adequate analytical intermolecular potential models is still a major challenge in order to accurately describe the behavior of dense fluids. In this context, the effective two parameters Lennard-Jones 12-6 (LJ) potential is the most widely used model for exploring the behavior of simple fluids (i.e. molecules for which the most important intermolecular forces are repulsion and van der Waals dispersion) in statistical physics and related scientific domains. This potential, despite its simplicity, mimics most of the features found experimentally in fluid states. However, from a theoretical point of view, it is well known that the LJ potential is not a true representation of even two-body interactions between argon atoms. In particular, it represents the decay of repulsive interaction by an inversetwelve power dependence on intermolecular separation which was chosen mainly for mathematical convenience and has no physical soundness 1 . This apparent weakness is of importance since it appears clearly that the structural properties of a simple fluid are primarily determined by the intermolecular short-range repulsive interactions 2, 3 . Therefore, one way to improve the results, using simple effective potentials, could be the use of different forms of the repulsive part of the potential as done for transport properties in low density gases 4 . In this work, among the possible simple alternatives to the two parameters LJ 12-6 potential, we have chosen the three parameters Mie n-6 potential family that uses a 1/r n formulation of the repulsive part of potential (where r is the distance between particles). It should be mentioned that, recently, using molecular simulations, some interesting results on phase equilibria as well on transport properties have been obtained for this family of potential [5] [6] [7] [8] [9] [10] .
Apart from their direct use in molecular simulations, simple effective potentials can be used proposed by Chapman et al. 11, 12 on the basis of Wertheim's thermodynamic perturbation theory [13] [14] [15] [16] . In this context, it is important to underline that while the important feature of this approach is that it explicitly takes into account non-sphericity and association effects, one of the crucial aspect remains the accurate modeling of the repulsion and the van der Waals interactions between the monomer segments constituting the chain molecule. In fact, a wide variety of choice has been already proposed in the literature [17] [18] [19] . However, it has been recently showed by Lafitte et al. 20 that significant discrepancies between these models arise when they are used to predict second-order derivative properties (isobaric heat capacity, isobaric thermal expansivity, speed of sound etc). Thus, making the assumption that the weakness was mainly due to the way repulsive interactions were modeled, they proposed a modification in the original SAFT-VR equation in order to deal with the Mie n-6 potential (the SAFT-VR Mie) for describing the interaction between the monomer forming the chain.
In particular, it has been shown significant improvements for both n-alkanes 20 and alcohols 21 using this EOS for the estimation of all volumetric and derivative properties over wide pressure and temperature conditions without any deterioration of vapor-liquid coexistence curve. Moreover, they obtained a clear dependence of the parameters with the number of carbon atoms, which emphasizes the consistency of including the variable repulsive part as an extra pure component parameter. Regarding these encouraging results, it should be kept in mind that the adequacy of the equation to reproduce the properties of segments interacting through Mie n-6 potential has not yet been investigated, so that care must be taken when trying to transfer the value obtained for the repulsive exponent into other models.
Therefore, the main aim of this paper is to provide an in depth analysis of the accuracy of the been developed for n≤12) in order to obtain results on thermodynamic properties. The properties computed are the pressure, the potential energy, the isometric heat capacity, the thermal pressure coefficient and the sound velocity. This is done for a large variety of thermodynamic states (12 states covering liquids and supercritical phases). It should be mentioned that, to the best of our knowledge, this is the first time derivative thermodynamic properties have been computed through molecular simulation for the Mie n-6 fluid when n≠12. The MD results are then compared with the results provided by the SAFT-VR Mie EOS, allowing a clear assessment of the physical soundness of this new version and the interest of making use of the Mie n-6 potential to model direct as well as derivative thermodynamic properties. Moreover, is also investigated the reliability of the scheme used in the EOS to deal with mixtures, based on the MX1b mixing rule of Galindo et al. 22 .
In addition, based on a previous work 10 and using new Molecular Dynamics results, a new empirical one fluid approximation directly on the repulsive exponent is proposed in order to estimate direct and derivative properties in mixtures. Finally, this one fluid approximation ,which is easier to handle that the MX1b scheme (which goes beyond the one fluid approximation), and others previously proposed in the literature are applied in combination with the SAFT-VR Mie EOS.
Theory
2.1 The Mie n-6 potential.
In this work, the Mie n-6 potential which is the elementary brick of the SAFT VR Mie EOS, has been used to treat particle interactions. It can be expressed as, for an interaction between a particle i and a particle j:
where r ij is the distance between particle i and j, ε ij the potential depth, ij m r the distance at which the potential is minimum and n ij the stiffness of the repulsive slope of the potential.
This potential can be rewritten in terms of σ ij , the position at which the potential is equal to zero (the "atomic diameter"):
where 6 6 6 6
It should be noted that, in this work, we have restricted ourselves to the cases where n ij ≤ 12
for which the SAFTR-VR-Mie EOS only applies 20 . In addition, as the binary mixtures studied have been restricted to systems for which only n differs between compounds, the energetic and the sizes parameters will be simply noted ε and σ in the following.
To perform MD simulations on this potential, a simple truncation at a cutoff radius, r c , equal to 3.5σ has been used. Consequently, long range contributions due to the truncation have been introduced (see section 2.2.3). It should be mentioned that no corrections were applied to avoid the discontinuity of the force 23 deriving from the potential at r ij =r c .
Molecular Dynamics

Combining rules
When dealing with mixtures one needs a set of combining rules on the molecular parameters.
In this work, as long as only n differs between compounds a rule is only needed on the n parameter. Two different combining rules have been used for n, the simple arithmetic one:
and the one proposed for the SAFT-VR Mie EOS 21 which reduces to:
for the case where σ ii =σ jj .
Dimensionless and reduced units:
As this work deals only with monomer-monomer interaction (spheres), it is convenient to use dimensionless thermodynamic variables 24 , which are for the potential energy (the configurational internal energy):
the temperature:
the density, 
where k B is the Boltzmann constant, T is the temperature, N the number of particles, V the volume of the simulation box. All dimensionless quantities will be noted with a star as a superscript in the following.
It should be mentioned that the link between ρ * , T * and P * is unique for a given potential and so differs between Mie n-6 potentials for different n, even if similarities exist 10 . So, in order to where T c * is the dimensionless critical temperature, ρ c * the dimensionless critical density and P c * the dimensionless critical pressure which depend 5, 6 on n. For these critical dimensionless properties, we have used the data of Okumura et al. 6 which are summarized in table I. By using such scaling, and assuming it as adequate, a given set of T r and P r will correspond approximately to the same physical state (relatively to the critical point) whatever the potential and its repulsive coefficient. 
Thermodynamic properties
Concerning the configurational internal energy (potential energy), u, and the pressure, P, the usual MD formulations have been applied 23 . In addition, due to the use of truncated Mie n-6
potential, long-range corrections noted with a subscript lr, have been included for pressure and for potential energy estimation. Using the general formulations 25 , after a few calculations is obtained: 
where * cut r is the dimensionless cutoff radius (equal to 3.5 in the simulations).
Concerning the second-derivative properties (thermodynamic response functions), it exists several ways to obtain them from molecular simulations 25 . The most accurate is the one based on statistical mechanics that involves the measure of fluctuations. In the microcanonical
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ensemble (NVE), in which the simulations data have been collected, the dimensionless isometric heat capacity is expressed as 25 :
where E k is the kinetic energy.
The dimensionless thermal pressure coefficient, writes as 25 :
where
The adiabatic compressibility can be expressed as 25 :
where:
After some calculations, the dimensionless adiabatic compressibility can be rewritten for a
Mie n-6 potential as:
with ( ) 1 42 , 42 6 6 n n a b a n
The sonic velocity ω * is deduced from κ s * using the classical macroscopic thermodynamic relation:
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The other derivative thermodynamic properties can be deduced from the previous ones using classical macroscopic thermodynamic relations.
SAFT-VR Mie Equation of state.
The residual Helmholtz free energy (A RES ) of a mixture of associating chain molecules can be written as the addition of three contributions (monomer, chain and association) as:
Note that since we are treating non-associating spherical segments, the chain and the association contribution to the free energy are not considered here. Therefore the expression for the residual Helmholtz free energy is reduced to the monomer term which is obtained from The expression of Boublik 26 and Mansoori et al. 27 is used for the reference hard-sphere term: 
where ρ s is the number density of spherical segments. The packing fraction n ζ is defined by: 
The mean-attractive term The analytical expression for ij a 1 for monomer segments interacting through Mie n-6 potential can be written as a sum of two Sutherland perturbation terms:
In the original paper on SAFT-VR, Gil-Villegas et al. 17 showed that the mean-attractive term 
hal-00322163, version 1 -16 Sep 2008
In this work, we have decided to use the mixing rule MX1b as defined in Gil-Villegas et al. 17 . Indeed, Galindo et al. 22 showed that this approach is more convenient for the study of the global phase behavior, if compared to higher order approximation, while keeping the same degree of accuracy away from the critical region.
In this context, the van der Waals one fluid theory is used to approximate the value of HS ij g .
Consequently, the radial distribution function for a hypothetical pure fluid
σ is incorporated in equation (28) as: 
The coefficients n c , which are functions of ij λ ,are given by the matrix 17 : 
Finally, it should be highlighted that the EOS with the present formulation for mixtures, the so-called MX1b mixing rule, turns out to be a combination of two approaches: the two fluids level which is of interest to maintain a good accuracy for the description of the structure of the fluid, and the simpler one fluid approximation which is used to derive the dispersive term in order to avoid inconsistencies in calculations close to the critical state.
However, it is important to note that the simplest van der Waals one fluid approximation could be used at all levels in the EOS with the appropriately chosen molecular parameters to represent the "equivalent" pseudocompound, see section 2.4. A comparison between these two schemes is provided in section 4.2.2.
One-fluid approximation
The classical way to deal with thermophysical properties of fluid mixture in the liquid state community is to treat the mixture as a "pure" fluid by defining a pseudo compound "equivalent" to the mixture through a one-fluid approximation [31] [32] . At the microscopic scale, for the LJ fluid, such formulation corresponds to the definition of the molecular parameters of the pseudo compound, σ 1-fluid , ε 1-fluid , starting from those of the pure compounds and those
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defined through the combining rules. One aim of this work is to define to which extent such an approach can be efficient concerning the n parameter for the Mie potential (i.e. how to define n 1-fluid in binary mixtures where only the repulsive stiffness n differs between compounds). To achieve such a goal, we have tested various one-fluid models on n:
the linear one:
one proposed in 22 :
one related to a previous work 10 :
and two new empirical ones: 
where x i is the molar fraction of component i.
Simulations details 3.1 Technical details.
Simulations have been performed using a homemade code on systems composed of 1000 particles. To integrate the equation of motion a Velocity Verlet algorithm has been applied with a dimensionless timestep of 0.002. To save CPU time, a Verlet neighbour list combined with a cell list 23 has been used. Classical periodical boundary conditions were applied.
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To obtain the thermophysical properties in the desired state, simulations have been performed in two steps: first the system has been driven towards the desired temperature and pressure, timesteps of NVE simulations to compute the thermodynamic properties using the relations provided in section 2.2.3. Data obtained during the NPT were discarded from the analysis.
With these parameters, during the NVE simulations, the estimated errors (using the subblocks average method 23 with subblock composed of 1.5 10 5 timesteps to ensure the statistical independence) are around 0.1-0.2% for T and u (and so omitted in the Appendix), below 1 % for P, below 3 % for the isometric heat capacity and the sound velocity and around 3-4 % for the thermal pressure coefficient, see Appendix A and C.
To carry out a consistent comparison between MD and SAFT-VR results, first the MD simulations are performed to obtain all thermodynamic properties during NVE runs. Second,
the MD values obtained for T and P are used as input parameters for the EOS which is then used to predict the thermodynamic properties (u, ρ, ω, γ v and C v ) and allows the comparison on these properties.
Validation.
To assess the reliability of our MD results (in complement to the comparison with the EOS of 
the maximum deviation by (DMax):
and the bias by:
Results provided in table II indicate that our computations are consistent with those of Meier the deviations being always small (within the error bars). This indicates that thermodynamics properties in such monophasic conditions are not strongly affected by the cutoff radius (when long range corrections are included), as Meier uses a 5σ cutoff whereas ours is equal to 3.5σ.
In addition, it should be mentioned that deviations are, by part, due to the fact that our computations are performed in the NVE ensemble and not the NVT one (in this case the AAD on temperature is of 0.2 %).
Results
Comparison between MD and EOS results
Pure fluids
The main aim of this work is to quantify to which extent the SAFT-VR-Mie EOS is able to reproduce molecular simulation data of the Mie n-6 pure fluid, both concerning direct and derivative thermodynamic properties. Three different values of n have been tested, n= 8, 10
and 12, covering the usual range found for this parameter using the EOS 20 In tables III and IV, deviations have been computed using:
where χ MD represents the molecular dynamics value of the variable χ and χ EOS its predicted value using the SAFT-VR Mie EOS. AAD, DMax and Bias have been defined through equations (46-48).
Concerning the efficiency of the EOS, Molecular dynamics results show that, see figure 1 .a, ρ is weakly dependent on n, this behavior being correctly reproduced by the EOS, figure 1.b. Thus, due to this weak dependence on n, an adjustment of the n parameter on ρ alone will not ensure a clear discrimination of the "adequate" n value when applied on real substance.
Concerning derivative properties, MD simulations indicate that ω as well as γ v are the lowest for the Mie 8-6 potential and tend to increase with n (this increase being more important at low T), see figure 2.a. Furthermore, the EOS correctly takes this behavior with n into account see figure 2.b. It should be noted that such a dependence of the Mie n-6 fluid shows clearly the non-conformal behavior between potentials having different n values. The case of the isometric heat capacity, C v , is different, see figure 1. MD simulations yield an independent (or nearly) value with n, whereas the EOS predicts a slight increase; such a result explaining the trend noticed in table III. Besides, the increase of the sound velocity with n can be understood in a naïve way: decreasing n corresponds to a less stiff repulsion (a softer medium) between particles which should lowers the propagation of the sound as it is usually the case in solids.
An interesting point, for the application of the EOS on real substances, is the fact that different n parameters lead to noticeably different ω values, for a similar ρ, which indicates that an adjustment of the n parameter on both ρ and ω (as done for the SAFT-VR Mie EOS 20 ) will lead unambiguously to a unique discriminative value of n (at least for the monomer).
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Mixtures
Another important point is the way the SAFT-VR Mie EOS models mixtures composed of species differing only in their value of n. To do so, simulations on binary mixtures of particles having the same molecular parameters except n (n 11 =8, n 22 =12 and σ= 3. 
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For sake of simplicity, the linear combining rule on n, eq. (4) From these results it appears that the "usual" one fluid models, eqs (40-41), are inappropriate, at least for pressure and to a less extent to energy, and that a better choice is the one provided by eq. (44), which yields an AAD below 1.5% for all properties studied, which is excellent compared to the various uncertainties.
Application of the one fluid model using MD and EOS
In order to confirm our previous results on the one fluid model, using eq. been performed so that T and P are the same as in the mixtures (with slight deviations on T and P as simulations have been performed in the NVE ensemble and not in the NPT one). It should be mentioned that, in this case, the combining rule defined by eq. (5) has been used as long as this rule is the one employed in the usual SAFTR-VR Mie EOS scheme on mixture.
MD results shown on figure 5 are consistent with our previous findings which is that eq. (44) is an appropriate empirical one-fluid model for the parameter n when dealing with Mie n-6
potentials. In fact, all thermodynamic properties, direct and derivative, are correctly estimated using the one fluid model whatever the state, the maximum deviation remaining below 3.5 %, see figure 5 . This result is interesting as it shows that the choice of the combining rule (in this case eq. (5) whereas eq. (4) was used in the previous section) does not seem to affect the quality of the proposed one fluid model, which reinforce the fact that eq. (44) is adequate.
Finally, we have applied the proposed one fluid approximation on n, eq. (44), together with the SAFT-VR Mie EOS to see to which extent such an approach is able to provide consistent results on mixtures. In table V, deviations have been defined by:
where χ MD represents the molecular dynamics value of the variable χ and χ EOS-1fluid its predicted value using the EOS combined with the one fluid model.
Results are summarized in table V. It is interesting to note, see tables IV-V, that this scheme provides slightly better results (except for u*) than those obtained using the usual scheme, the MX1b one which goes beyond a one fluid approximation on n. Such a result is interesting as long as a one-fluid approximation directly on the molecular parameter (here n) is more simple to handle. Nevertheless, further work should be performed in order to have a complete set of a van der Waals one-fluid approximation on the three molecular parameters, ε, σ and n, which is out of the scope of this paper.
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Conclusion
In this work, an analysis of the efficiency of a recently developed SAFTR VR Mie EOS 20 to provide the direct and derivative thermodynamic properties of the Mie n-6 pure fluid for n varying from 8 to 12 has been carried on through in depth comparisons with molecular dynamics simulations in various thermodynamic states covering from liquid to supercritical states.
On pure fluids, with an appropriate scaling, MD results show that ω and γ v tend to increase with n (which is an expression of the non conformal behavior between potentials having different n values) whereas ρ and C v are nearly independent of n. It should be noted that such behavior with n is crucial for adjusting this parameter on real substance. In addition, it has been shown that the EOS is able to correctly reproduce these general trends and amplitudes of the thermodynamic properties with n, except concerning C v for which deviations may rise up to 20% (the EOS predicts a slight increase with n).
Concerning mixture, for which only the n parameter varies between compounds, this EOS, combined with the previously used mixing rules MX1b, has shown to provide results as good as on pure fluid. These results unambiguously show that the monomer contribution of the SAFT-VR Mie EOS, based on the Mie n-6 potential, is adequately modeled by the EOS in pure fluids and mixtures, which ensures that the n parameter adjustment on both ρ and ω makes sense in the application of the EOS to real fluids 20, 21 .
Elsewhere, a test of various one fluid approximations on n has been achieved using MD simulations between mixtures and their "equivalent" pseudocompounds. It has been shown that the "usual" one fluid models for n, eqs (40-41), may induce non negligible deviations on pressure, up to 30% and 50 % respectively, but small ones on other properties. To fix this weakness, following a previous work 10 , an empirical one-fluid approximation, eq. (44), is
proposed which provides excellent results on all properties, AAD being always lower than hal-00322163, version 1 -16 Sep 2008
1.5%. Finally, it is shown that the combination of this new one-fluid approximation on n with the EOS is able to provide results on mixtures slightly improved, except on u compared to those yielded by the MX1b approach (which goes beyond the one fluid approximation) and is, by far, easier to handle.
Appendix A:
MD results on pure fluids for different n. Values in parenthesis represent the error on the last digits (errors on u * and T * are below 0.2 % and ρ* is imposed). 
